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TMOJIMETPH4HMK AHAJII3 TA KIBEPHETHKA 


Basic concepts of Polymetric Analysis as universal system of formalization the knowledge are discussed. 
Correlation between Polymetrric Analysis and cybernetics is researched. It was shown that cybernetics as synthetical 
science is similar to Polymetric Analysis. But Polymetric Analysis may be represented as functional expansion of 
computer processor and therefore may be applied for the resolution the problems of artificial intelligence, pattern 
recognition and other chapters of modern cybernetics. This problem is analyzed with point of S. Beer centurial problem in 
cybernetics (problem of complexity of information) and has system nature. 
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PosruiaHyTO OCHOBHI MOHATTA TOJIMeTPHYHOTO aHai3y AK YHIBepCayIbHOI cucTemH dopMasizaltii 3HaHb. 
JlocmiKeHO B3a€MO3B's30K TIOJIMCTPHYHOTO aHasli3y Ta KiOepHeTHKH. bys0 moKa3aHo, WO KidepHeTHKa AK CHHTeTHUHa 
Hayka CXoxKa Ha MOJIMeTpHYHHM aHami3. Ame NOJiMeTPHYHHM aHasi3 Moxe OyTH TIpesACcTaBeHH AK (byHKWOHasIbHe 
POSLIMpeHHA KOMIT'IOTepHHX Mpouecopis, i TOMy MoxKe OyTH 3acTOCOBaHH WIA po3B’s3aHHA MpoOemM wWry4Horo 
IHTeIeKTY, POSIi3HaBaHHA OOpa3iB Ta 1HWIMX po3AiiB cyyacHol KidepHeTuKUH. [la mpobsIema mpoaHai30BaHa 3 
ypaxyBaHHaM MpoOsieMn CTOJITTA B KiOepHeTui C. bipa (mpoOseMa cKaHOCTI 1H(popMalil) 1 Mae CHCTeMHUM Xapaktep. 

Ksnoyuosi c10Ba: MOuIMeTPpHYHHM aHasi3, WITYYHHM 1HTevIeKT, poO3tlizHaBaHHa OOpa3iB, 3MIHHa iepapxis, 


(PYHKWOHAaIbHI YcIIa 


Introduction 

The problem of creation the universal 
system of knowledge has long history [1, 2]. 
Firstly this problem was connected with crea- 
tion of esoteric ritual system [1, 2]: Egyptian 
(Table of God Thot, Indian (Patanjali a. o.), 
Mexican (philosophy of Nagua), Jevish (deca- 
des of sephirotes). Creation the concept of mo- 
dern science was beginning from Pythagor, 
Euclides, Plato and Aristotle. Later Pythago- 
rean line (the synthesis) was developed by Des- 
cartes. He begin to realize the formalization of 
thesis “Science is science as science as it is 
mathematics” or Pythagorean phrase “Numbers 
are ruling of the world” [1]. His method was 
optimize by I. Newton (four rules of conclu- 
sions in physics) [1]. This method is base in the 
creation of modern science [1]. But Newtonian 
rules are rules of selection and creation of con- 
crete science. Development of modern science 
shows the necessity of creation more universal 
sciences [1-8]. 

More fully realization of this idea is 
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Polymetric Analysis (PA): theory of variable 
measure or theory of systems with variable hie- 
rarchy. We can say that this system was created 
for the formalization L. Hall phrase “All, that 
go from head, is intelligent’. 

According to [6] cybernetics is synthesis 
of many sciences (mathematics, physics, bio- 
logy, psychology and other. Therefore methods 
of PA as universal theory of optimal formalized 
synthesis may be used for the resolutions the 
main cybernetical problems. Structure of PA 
may be represented as more deep formalization 
the neuronets [1]. 

Therefore the main problem of our pa- 
per is ascertainment of question about possible 
application of PA for the resolution the prob- 
lems of cybernetics, including general prob- 
lems (S. Beer centurial problem, problem of 
complexity [5]) and particular (matrix calcula- 
tions, arrays sorting, pattern recognition) [1]. 

According to F. George “The brain is 
universal computer’. Therefore PA as uni- 
versal system formalization of knowledge may 
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be used for the resolution the basic problems of 
natural and artificial intelligence too [9, 10]. 

Main results and discussions 

Polymetric analysis was created as alter- 
native optimal concept to logical, formal and 
constructive conceptions of modern mathema- 
tics and theory of information [1]. This con- 
cept is based on the idea of triple minimum [1]. 

Basic elements of this theory and their 
bonds with other science are represented in 
Figure | [1, 2]. 

Basic mathematical element of polymet- 
ric analysis is functional number (generalizing 
elements of quadratic forms) [1]. As in Greece 
mathematics number is basic elements of its 
system. For these numbers generalizing mathe- 
matical transformations were constructed. 15 
minimal types of its transformations are exis- 
ted. Informative lattice is constructed on the ba- 
sis if functional numbers and generalizing 
mathematical transformations. Theory of infor- 
mative calculations is created for this lattice. 
Basic principle of this theory is the principle of 
optimal calculations. 

For classification of systems of calcula- 
tion hybrid theory of systems was created. 
This theory is based on two criterions: crite- 
rion of reciprocity — principle of creation of 
proper formal system, and criterion of simpli- 
city — principle of optimality of this creation. 
For “inner” bond of two elements of informa- 
tive lattice a parameter of connectedness was 
introduced. Principle of optimal informative 
calculation is included in criterion of simpli- 
city. Only 10 minimal types of hybrid systems 
are existed [1]. But four types of these systems 
aren’t mathematical in classical sense [1]. 
Hybrid theory of systems is open theory. Para- 
meters of openness are number of generalizing 
mathematical transformations and parameter 
of connectedness. Thereby we have finite 
number of types of systems, but number of 
systems may be infinite. Hybrid theory of sys- 
tems allows considering verbal and nonverbal 
knowledge with one point of view [1]. 
Roughly speaking this theory may be repre- 
sented as variant of creatin variant of universal 
cybernertics [1-8] and resolution S. Beer cen- 
turial problem in cybernetics [1, 5]. 
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Mathematical constructive element may 
be represented as generalizing knot of informa- 
tive lattice. Generalizing mathematical transfor- 
mations are classified as quantitative and quali- 
tative, left and right. Calculative (quantitative) 
transformations are corresponded to primary 
measurement and qualitative transformations — 
to derived (secondary) measurements. It allows 
formalizing N.R.Campbell concept [1, 2] about 
primary and derived measurements. Result of 
this formalization was named _ polymetric 
theory of measure and measurement. Basic 
principles of this theory are principle of asym- 
metry of measurement for calculative transfor- 
mations and principle of dimensional homoge- 
neity. This theory is optimal synthesis of all 
famous theories of measure and measurements 
and dimensional analysis [1]. N.R. Campbell 
concept is more general as “measuring” part of 
quantum mechanics. Therefore L.I. Mandelstam 
called Quantum Mechanics as science of deriva- 
tive measurements [1]. 

Polymetric analysis is the system of op- 
timal formalization, synthesis and analysis of 
knowledge. But it is the nature of mathematics 
[1]. For creation of theory of foundations of 
mathematics we must include three aspects: 
synthesis, analysis and formalization. This 
theory must be open system. Therefore Russel 
— Whitehead “logic” concept, Hilbert — Ber- 
nayce “formal” concept and Brauer — Heiting 
“constructive” concept can’t be full theories of 
foundations of mathematics [1]. It was cause 
of crisis in theory of foundations of mathema- 
tics. Therefore A.N. Whitehead made conclu- 
sion that logical concept can’t be the theory of 
foundations of mathematics [1, 4]. But it must 
be “organismic” theory. Practically this con- 
cept was realized in cybernetics: theory of 
neuronets, systolic computers, theory of cel- 
lular automata a.o. [1]. Therefore polymetric 
analysis may be represented as variant of reali- 
zation of Whitehead concept of “organism” 
mathematics [4] and formalizing unification of 
proper cybernetic theories. 

Polymetric analysis may be represented 
as optimal “dynamical’ formalization of Errol 
E. Harris polyphasic concept of modem 
science [3]. 
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Thus basic concepts of awakening, crea- 
tion and development of synthesis with inclu- 
ding of historical analysis of this problem are 
represented in [1]. Was shown, that polymetric 
analysis is the necessary development of 
problem of formalized synthesis in modern 
science. 


The basic axiomatic of the PA is next [1]. 

Definition 1. Mathematical construc- 
tion is called set all possible elements, opera- 
tions and transformations for resolution cor- 
responding problem. The basic functional ele- 
ments of this construction are called construc- 
tive elements. 

Definition 2. The mathematical construc- 
tive elements N, are called the functional 


parameters 


Naas (1) 


where x; ,x, - the straight and opposite para- 


meters, respectively; - - respective mathema- 
tical operation. 

Definition 3. The mathematical construc- 
tive elements N y, are called the functional 


numbers 


Ng =2P;,°P;. (2) 


Y 


Where Dhyne ys Xen Xp oe, zal 
D(X eu-X yoo Ly ree, 5) are the straight and 


opposite functions, respectively; ° — respective 
mathematical operation. 
Remark 1. Functions g , @, may be 


have different nature: mathematical, linguistic 
and other. 
Definition 4. The mathematical construc- 


tive elements NV“ are called the diagonal func- 


tional parameters 
Ni =O6,N,,- (3) 


Where 6j is Cronecker symbol. 
Definition 5. The mathematical construc- 


tive elements Ne are called the diagonal 


functional numbers 
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d 
Nos ON, - (4) 


Example 1. If x; = x' , x; = x! and 


max/i} = max{j} = m, then {Ne is diagonal 


single matrix. 

The another examples may be the ortho- 
gonal eigenfunctions of the Hermitian operator. 

Remark 2. These two examples illustrate 
why quantities (1), (2) are called the parame- 
ters and numbers. The straight functions cor- 
respond the “straight” observation and measu- 
rement and opposite functions correspond the 
“opposite” observation and measurement. This 
procedure is included in quantum mechanics 
the Hilbert’s spaces and Hermitian operators. 

The theory of generalizing mathematical 
transformations is created for works on functi- 
onal numbers [1]. 

Definition 6. Qualitative transforma- 
tions on functional numbers Ny (straight Aj 


and opposite A,) are called the next transfor- 


mations. The straight qualitative transforma- 
tions are reduced the dimension N o, Onl 


units for straight parameters, and the opposite 
qualitative transformations are reduced the 
dimension N o, ON j units for opposite 
parameters. 

Definition 7. Quantitative (calculative) 
transformations on functional numbers N. a 
(straight Ox and opposite 0,) are called the 
next transformations. The straight calculative 
transformations are reduced N, or corres- 


ponding mathematical constructive element on 

k units its measure. The opposite quantitative 

transformations are increased Nor corres- 
ij 


ponding mathematical constructive element on 
/ units its measure, i.e. 


0,0,N,, =N,,-k@l. (5) 
Definition 8. Left and right transfor- 
mations are called transformations which act 


on left or right part of functional number 
respectively. 
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Definition 9. The maximal possible num- 
ber corresponding transformations is called the 
rang of this transformation 


rang(A;A;N,, ) =max(i,j); (6) 
rang(O,0,N, )=max(k, p). (7) 


Remark 3. The indexes i,j, k,p are called the 
steps of the corresponding transformations. 

Only 15 types of generalizing mathema- 
tical transformations are existed [1, 2]. 

Basic elements of PA is the generalizing 
mathematical elements or its various presenta- 
tions — informative knots [1, 2]. Generalizing 
mathematical element is the composition of 
functional numbers (generalizing quadratic 
forms, including complex numbers and func- 
tions) and generalizing mathematical transfor- 
mations, which are acted on these functional 
numbers in whole or its elements [1]. Roughly 
speaking these elements are elements of func- 
tional matrixes. 

This element '""M,,, may be represen- 
ted in next form 

nna y= A,A,O,0,A; 4,070, A,A,,0,0,N,, - 
(8) 


number; 


Where NV i functional 


O,,07,0!,0,,0;,0,; 4, 4,,4,,4,,4/4, are 
quantitative and qualitative, straight and 
inverse (with tilde), (r) — right and (1) — left 
transformations. 
Polyfunctional matrix, which is const- 
ructed on elements (17) is called informative 
lattice. For this case generalizing mathemati- 
cal element was called knot of informative lat- 
tice [1]. Informative lattice is basic set of 
theory of informative calculations. This theory 
was constructed analogously to the analytical 
mechanics [1]. 
Basic elements of this theory are [1, 2]: 
1. Informative computability C is number of 
possible mathematical operations, which 
are required for the resolution of proper 
problem. 

2. Technical informative computability 
C,=C >t, where ¢; — realization time of 
proper computation. 
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3. Generalizing technical informative compu- 
tability C,,=k,.C,, where k,. — a coeffi- 


cient of algorithmic complexity [1]. 

Basic principle of this theory is the 
principle of optimal informative calcula- 
tions [1]: any algebraic, including construc- 
tive, informative problem has optimal resolu- 
tion for minimum informative computability 
C, technical informative computability C, or 
generalizing technical informative computabi- 
lity C,,. 

The principle of optimal informative 
calculations is analogous to action and entropy 
(second law of thermodynamics) principles in 
physics. 

The principle of optimal informative 
calculation is more general than negentropic 
principle the theory of the information and 
Shennon theorem [1]. This principle is law of 
the open systems or systems with variable hie- 
rarchy. The negenthropic principle and Shen- 
non theorem are the principles of systems with 
constant hierarchy. 

Idea of this principle of optimal infor- 
mative calculation may be explained on the 
basis de Broglie formula [1, 2] 


4 =f ©) 


(equivalence of quantity of ordered and disor- 
der information) [1, 2]. Where S$ — action, h 


— Planck constant, S,— entropy and k,- 


Boltzman constant. Therefore we can go from 
dimensional quantities (action and entropy) to 
undimensional quantity — number of proper 
quanta or after generalization to number of 
mathematical operations. Thus, theory of 
informative calculations may be represented 
as numerical generalization of classical theory 
of information. 

For classification the computations on 
informative lattices hybrid theory of systems 
was created [1]. This theory allow to analyze 
proper system with point of view of its 
complexity, 

The basic principles of hybrid theory of 
systems are next: 1) the criterion of recipro- 
city; 2) the criterion of simplicity. 
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The criterion of reciprocity is the prin- 
ciple of the creation the corresponding mathe- 
matical constructive system (informative lat- 
tice). The criterion of simplicity is the prin- 
ciple the optimization of this creation. 

The basic axiomatic of hybrid theory of 
systems is represented below. 

Definition 10. The set of functional num- 
bers and generalizing transformations together 
with principles reciprocity and simplicity (in- 
formative lattice) is called the hybrid theory 
of systems (in more narrow sense the criterion 
of the reciprocity and principle of optimal in- 
formative calculations). 

Criterion of the reciprocity for corres- 
ponding systems is signed the conservation in 
these systems the next categories: (1) the com- 
pleteness; (2) the equilibrium; (3) the equality 
of the number epistemological equivalent 
known and unknown knotions. 

Criterion of the simplicity for corres- 
ponding systems is signed the conservation in 
these systems the next categories: (1) the com- 
pleteness; (2) the equilibrium; (3) the principle 
of the optimal calculative transformations. 

Criterion of reciprocity is the principle 
of creation of proper informative lattice. Basic 
elements of principle reciprocity are various 
nuances of completeness. Criterion of the sim- 
plicity is the principle of the optimality of this 
creation. 

For more full formalization the all fa- 
mous regions of knowledge and science the pa- 
rameter of connectedness o; was introduced. 
This parameter is meant the number of different 
bounds the one element of mathematical con- 
struction with other elements of this construc- 
tion. For example, in classic mathematics 
o, =1, in linguistics and semiotics o, >1. The 
parameter of connectedness is the basic ele- 
ment for synthesis in one system of formaliza- 
tion the all famous regions of knowledge and 
science. It is one of the basic elements for 
creation the theory of functional logical 
automata too. 

At help the criteria of reciprocity and 
simplicity and parameter of connectednesss 
the basic famous parts of knowledge and 
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science may be represent as next 10 types of 

hybrid systems [1, 12, 13]: 

1. The system with conservation all positions 
the criteria of reciprocity and simplicity for 
all elements of mathematical construction 
(N hi and transformations) is called the 


simple system. 
2. The system with conservation the criterion 
of simplicity only for N, is called the 


parametric simple system. 

Remark 4. Further in this classification re- 
minder of criteria of reciprocity and simpli- 
city is absented. It mean that these criteria 
for next types of hybrid systems are true. 

3. The system with conservation the criterion 
of simplicity only for general mathematical 
transformations is called functional simple 
system. 

4. The system with nonconservation the prin- 
ciple of optimal informative calculation 
and with o; = 1 is called the semisimple 
system. 

5. The system with nonconservation the prin- 
ciple of optimal informative calculation 
only for N oe and with o; = | is called the 


parametric semisimple system. 

6. The system with nonconservation the prin- 
ciple of optimal informative calculation 
only for general mathematical transforma- 
tions and with o; = | is called the func- 
tional semisimple system. 

7. The system with nonconservation the prin- 
ciple of optimal informative calculation 
and with o; # 1 is called complicated 
system. 

8. The system with nonconservation the prin- 
ciple of optimal informative calculation 


only for NV y, 18 called parametric compli- 


cated system. 

9. The system with nonconservation the prin- 
ciple of optimal informative calculation 
only for general mathematical transforma- 
tions and with o; # 1 is called functional 
complicated system. 

10. The system with nonconservation the cri- 
teriums of reciprocity and simplicity and 
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with o; # 1 is called absolute complicated 
system. 

With taking into account 15 basic types 
of generalized mathematical transformations 
we have 150 types of hybrid systems; practical- 
ly 150 types the formalization and modeling. 


In comparison with other theories of 
systems the hybrid theory of system has finite 
number of types of systems. But number of 
systems may be infinite. This theory is the 
theory of open system or theory system with 
variable hierarchy. 

Generalizing mathematical elements (17) 
may be represented as the elements of variable 
polymetric measure, which are included the 
procedure of measurements [1], which are cor- 
responded N. R. Campbell concept of measure- 
ment [1, 2]. Quantitative transformations are 
corresponded to primary measurement; qualita- 
tive transformations — to secondary (derivative) 
measurement. 

Theory, which are based on generalizing 
mathematical elements (8), was called polymet- 
ric theory of measure and measurements [1]. 

The basic principles of the polymetric 
theory of measure and measurements are the 
principle of the asymmetry the measurement 
and the principle of dimensional homogene- 
ously. In operational representation it has the 
next kind [1]. 

Principle of the asymmetry the measu- 
rement. When process of measurement may 
be represent in form (8) then 


kk - pi = 
lg-O]>1; (10) 
ja—b]=1. 


Strictly speaking sufficiently that one of 
formulas (10) was true. 

Principle of the dimensional homoge- 
neously. When process of measurement may 
be represent in form (8) then the next correla- 
tion for definition of dimensions the measure- 
ment must be true 
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M ny = 5,(4,A, 5, (a', Ar sulAl,. Al Jo (11) 
°0,0,0;0;0; ON, 


where 6 i (4, AY }., (4° ; A’) Onn (4: ; Ae ) are 
the corresponding Cronecker’s symbols. 
The formula (11) may be represent in 


more simple form 

7 Arar mu 
ijly — S oital »A,,A, A AL, Alo 
©0,0,0;0;0,0,N,., . 


M 
(12) 


(4,4,,4°,4", Al, Al) is the 


where 0. 


i+s+n,j+t+m 
generalized Cronecker’s symbol. 

Practically the principle of asymmetry 
the measurement is the principle of primary 
measurements while the principle of dimen- 
sional homogeneously is the principle of deri- 
vative measurements. 

The basic processes of measurement in 
more general sense (measurement and mathe- 
matical modeling and prognostication) are inclu- 
ded in constructive mathematical element (8). 

Methods of polymetric analysis were 
used for the decoding of Pythagorean civiliza- 
tion, of VI— V B.C., which was open by Ger- 
man archeologists in Mediterranean in 1980— 
1984; and for decoding of mathematical and 
linguistically part of Table of God Thot 
(Egyptian mythology). Multiplicative (opera- 
tive) mathematical system was used for these 
cases. Zero and infinity weren’t important ele- 
ments of these systems [1]. 

Ways of the application PA for the reso- 
lutions AI problems may be next: a search and 
construction the new systems with various 
step of complexity. 

One of basic applications of PA (theory 
of informative calculations) in cybernetics are 
problems of matrix calculations and array 
sorting [1]. 

PA may be used for the problems of pat- 
tern recognition two [1]. 

Roughly speaking methods of PA may 
be used for the resolutions the various comp- 
lex problems, where we must use the variable 
measure and variable hierarchy. 
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Conclusions 

. Necessity the creation of PA is discussed. 

. Basic concepts of PA are represented. 

3. The bond between PA and cybernetics is 
observed. 

4. Present and future possible applications of 
PA for resolutions various problems of mo- 
dem cybernetics, including AI, are discus- 
sed too. 
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PE3IOME 


ILI. Tpoxumuayk 

Tlonimerpwunnit anasi3 Ta KidepHeTuKa 

O6roBoproroTbca OCHOBHI MOHATTA MOI- 
MeTPHYHOrO aHasli3y AK YHIBepCasIbHOi cHcTe- 
MM (opMasi3ali 3HaHb. Lei po3syin cyaacnoi 
HaykKu OyB CTBOPeHHHi AK BIMOBIIb Ha 3allH- 
TaHHA TIPO CTBOPeHHA yHIBepcasIbHOl Teope- 
THYHO! KOHMeMuil iH:OpMaTHKH Ta BapiaHT 
CTBOPeHHA HaTypasIbHOrO TlXOy OCHOB Ma- 
TeMaTHKH. Jd CTBOPeHHA WbOro MeTosy Oysia 
peam30BaHa ifed morTpiiinHoro § MiHiMyMy. 
OcHoBHuMn eslementamu IIA € dyHkWioHasb- 
Hi “cya (y3araibHeHi KBaypaTH4Hi (opMnu), 
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y3araibHeHi MaTeMaTH4HI TeperBopenHa (15 
MIHIM@JIbHHX THIMB), y3arasIbHeHi KOHCTpyK- 
THBHi MaTeMaTH4Hi esIeMeHTH, tHpopMaliiitna 
pellirka, llapaMeTp 3B’A3HOCTI, ri0pHyHa Teo- 
pla cuicteM (icHye sme 10 MiniMaJIbBHHX THINB 
cuctem (bopmasi3aitii 3HaHb), MouiMeTpH4Ha 
Teopia MipH Ta BuMiproBaHb. Ila Teopia Oysa 
BHKOpHcTaHa JIA Klacnikalli cy4acHoi Hay- 
KH 3 TOUKH 30py i MmpoctoTu-cKanHocTi. Jo- 
CIHJDKYIOTBCA IUIAXH MOMKJIMBOTO 3aCTOCYBaH- 
HA WbOrO MeTOLY Id po3B’s3aHHA TIpOOseM 
UITY4HOTO IHTeIeKTY Ta po3ili3HaBaHHA OOpa- 
31B, BKIOUAIOUH PO3IUM@poBky WHBUII3Ai Ta 
Midostorito. Tako Ifo TIpoOsIeMy mpoaHasi30- 
BaHO 3 TOUKH 30py MpoOsIeMu CTOIITTA B KI- 
OepHetu C. bipa (ipoOsiemu cKaqHOCTI!). 

Hapeyeni npukiagqu BuKopuctanHa IA 
B pi3HHX rasly3ax KiOepHeTHKH (Teopia OOUKC- 
JIeHb, COPTyBaHHA MaCHBIB Ta pO3Ili3HaBaHHA 
o6pa3iB). 3poOeHO BHCHOBOK TIPO JOIUIb- 
HicTb 3acTocyBaHHa IJA jyia po3B’s3aHHA 
TIpoOJIeM WITy4HOrO IHTeIeKTYy. 


Haoitiuaa 0o pedaxyii 05.09.2019 
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